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Two approaches to the interpretation of the data of magnetic force microscopy are considered. The first 
approach involves the reconstruction of the magnetization distribution in the researched samples on the 
base of an assumption about the magnetic state and the subsequent numerical magnetic force microscopy 
experiment. The second is related to an experimental data processing. 
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1. INTRODUCTION 
 
The single magnetic nanodots and it’s ordered ar-
rays are interesting both from a fundamental and from 
a practical points of view, as far as they could be ap-
plied in a high capacity recording medium. The mag-
netic nanoarrays potentially could be used for the pro-
duction of a random access memory (MRAM) and high 
integrated magneto-electron devices [1-4]. The abrupt 
progress of informational technologies is obviously 
caused by the achievements also and in research of 
magnetic particles [5-7]. It is probably, that in the fu-
ture the magnetic logic devices will be constructed with 
using of magnetic nanoarchitectures.  
The construction of magnetic logic elements of na-
noscale superstructures is impossible without a de-
tailed understanding of it’s magnetic states nature. 
One of the most important problems leaves the inter-
pretation of experimental magnetic force microscopy 
(MFM) data. The authors of this work have used com-
puter model of magnetic force microscopy experiment 
[7] and elaborated the original software package.  
In recent years, there has been significant progress, 
both experimental and theoretical studies of nanostruc-
tures using magnetic force microscopy. However, many 
open questions need to be addressed in the application 
of this method. In particular, the influence of the mag-
netic tip on the magnetic state of the nanoobject [9], the 
scattering of the useful signal in the measurement 
process, atom rearrangements induced by short range 
interactions between tip and sample [10-12], etc. 
For the interpretation of MFM-images and for de-
termination of the magnetic state the numerical simu-
lation of MFM-experiment was used. The dummy nan-
odot is divided on magnetic subareas (macrospins), 
which ones interact with the magnetic tip by magneto-
statically, i.e. by means of dipole-dipole law. Such vir-
tual experiment could give the understanding of the 
experimental MFM-images. The method can be used 
for interpretation of magnetic states of single nanopar-
ticles, and in principal for understanding of magnetic 
phenomena in 1D arrays, 2D and quasi-2D arrays. The 
possibility of the nanodots magnetic states reconstruc-
tion by the space distribution of gradient dipole-dipole 
interaction force is theoretically justified. 
 
2. EXPERIMENTAL TECHNIQUES  
 
The 10 nm films of cobalt were deposed in ultrahigh 
vacuum 10 – 10 Torr on naturally oxidized monocrystals 
(100) Si at room temperature. Co-film was covered with 
3 nm layer of Cu for the prevention of oxidation. A more 
detailed description of the preparation samples method 
interested reader can find in the work [8]. The method of 
magneto-force microscopy (MFM) was used to obtain the 
images of magnetic structure of the individual cobalt 
nanodots. The correctness of the interpretation of a 
magnetic state was corroborated by simulation of MFM-
experiment in frame of the model magneto-hard tip by 
means of author program package. The model assumes 
the segmentation of a sample and MFM-tip on Ns and Nt 
magnetic dipole (magnetization vectors), correspondent-
ly. Each element of tip discretization interacts inde-
pendently by magneto-statically with all discretization 
elements of a sample, and vice-versa. 
 
2.1 MFM-Experiment and Simulation 
 
Fig. 1a is shown MFM contrast obtained experimen-
tally for cobalt nanodots. Fig. 1b is the assumption 
about the nanodot magnetic state and Fig. 1c simulated 
MFM contrast, respectively. The distribution of the 
magnetic vectors in nanodots built in a single layer.  
 
   
 
Fig. 1 –  Interpretation of data for physical MFM-experiment 
(a), as vortex magnetic state of circle Co-nanodot by means of 
micro magnetic simulation (b) and numerical MFM-
experiment (c) 
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The calculation of the magnetic moments of the two 
layers leads to contradictory results, disagreement with 
the experimental data. 
The distribution magnetization Fig. 1a corresponds 
to the magnetic moments of the magnetic vortex state. 
For all vectors of the magnetic moments z-components 
are altered. The value of z-component increases from 
the edges of nanodisk and achieves the maximum value 
at the center.  
For more accurate and reasonable simulation of 
magnetic properties of nanodots, obviously, it need 
have the accurate information about the geometric 
shape not only. 
 
2.2 Inverse problem 
 
The attempt to solve the inverse problem – the 
problem of reconstruction the distribution of magnetic 
moments on the basis of the known magnetic force 
contrast has led to an ambiguous result, Fig. 2a-c. It is 
known that experimental MSM contrast shown in 
Fig. 2a must corresponds to the single-domain state.  
Co-nanodot is in an external magnetic field, the 
value of which was greater than the saturation magnet-
ic field for a given material. Interesting that instead of 
a uniform state and single domain distribution of the 
magnetization vectors in the direction with a pro-
nounced magnetic-force contrast, surprisingly, we re-
ceived a strange evidence of the presence of two vorti-
ces, Fig. 2c. 
 
 
 
Fig. 2 – The possible solution of inverse problem (c) for exper-
imental MFM image (a) of the cobalt nanodots d  600 nm in 
array with period 3d in the saturation external magnetic field 
 
This unexpected result may be due to the presence 
of assumptions and errors in the determination of the 
geometric border points, and oversized model nanodots. 
It will be showed below, that if the magnetic moments 
are distributed on the surface of the sample, there are 
no serious obstacles, however, it is possible the exist-
ence of technical troubles, for solving the inverse prob-
lem of magnetic force microscopy. Need to note, that 
the obtained results do not contradict the results of 
other researchers [13-14], as far as the simulation of  
the surface magnetic charges is used. 
 
3. MATHEMATICAL MODEL AND INVERSE TASK 
 
In the paper [7] it was described the algorithm of com-
puter simulation of magnetic-microscopy images (MFM-
images) on the Braun formalism. The phase shift 
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which was measured in experiment. It was proportional 
to gradient of force of magnitostatical (dipole-dipole) 
interaction between nanodots and tip. 
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Energy of interaction for magnetic dipole system 
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In the case, when magnetic dipoles of tip have only 
nonzero z-component 1zjm  , where i jx x x  , 
i jy y y  , i jz z z  . The distribution of the gradient 
force interaction values in the space is defined by sys-
tem of linear algebraic equations 
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Coefficients are controlled by the distance between 
given by magnetic moment (superspins) of tip { zjm } and 
magnetic moment of given discretization of sample 
{ , ,xi yi zim m m }. 
If we know the values of the gradients, the system 
of linear algebraic equations is closed, i.e. the number 
of unknowns becomes equal to the number of equa-
tions. Thus, for sufficiently precise experimental meas-
urements inverse problem may have a solution in case 
of surface distribution of magnetic charges. 
 
4. SUMMARY AND CONCLUSIONS 
 
The possible interpretation is done for magnetic 
states of single nanodots and quasi-2D nanoarchitec-
tures in model of classical macrospins. Superposition of 
magnetic fields, which ones created by the system of 
the magnetic moments in given point of space, defines 
the linear dependence of dipole-dipole interaction force 
gradient of components magnetic vectors.  
The consistency of linear system equations (3) is the 
evidence:  
1) The uniqueness of the space distribution of force 
gradients values (MFM-contrast), for given configura-
tion of magnetic moments;   
2) The possibility of solution of inverse task – task 
of reconstruction of magnetic configuration over given 
experimental distribution of MFM-contrast for the 
planar magnetic structures. 
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